Strand exchange protein 1 from Saccharomyces cerevisiae. A novel multifunctional protein that contains DNA strand exchange and exonuclease activities.
Strand exchange protein 1 (Sep1) from Saccharomyces cerevisiae catalyzes the formation of heteroduplex DNA molecules from single-stranded circles and homologous linear duplex DNA in vitro. Previously, Sep1 was purified as a 132,000-Da species; however, DNA sequence analysis indicates that the SEP1 gene is capable of encoding a 175,000-Da protein (Tishkoff, D.X., Johnson, A.W., and Kolodner, R.D. (1991) Mol. Cell. Biol. 11, 2593-2608). The SEP1 gene was cloned into a GAL10 expression vector and expressed in a protease-deficient yeast strain. Intact Sep1, which migrated as a Mr-160,000 polypeptide during sodium dodecyl sulfate-polyacrylamide gel electrophoresis, was purified to apparent homogeneity and shown to have activities similar to those of the originally purified Mr = 132,000 fragment. We report here that, in addition to strand exchange activity, Sep1 contains an intrinsic exonuclease that is active on single- and double-stranded DNA with a severalfold preference for single-stranded DNA. The nuclease was induced in crude extracts upon induction with galactose, it co-purified with the strand exchange activity of Sep1, and the nuclease and strand exchange activities of Sep1 showed the same kinetics of heat inactivation. Sep1 nuclease, which requires Mg2+, can be functionally separated from the strand exchange activity by the substitution of Ca2+ for Mg2+. Under these conditions, the nuclease is inactive, and strand exchange activity is dependent on prior resection of the DNA ends by an exogenous exonuclease. Thus, the nuclease is necessary for synapsis but not strand exchange. Electron microscopic analysis revealed that true strand exchange products, alpha molecules and nicked double-stranded circular molecules, were formed. In addition, strand transfer proceeded to similar extents on 5'-resected and 3'-resected DNA. This result suggests that the polarity of strand transfer by Sep1 is determined by the polarity of its intrinsic nuclease.